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SOHO
The SOHO project is a joint international space mission carried out by the European Space Agency (ESA) and the US National Aeronautics and Space Administration (NASA).  SOHO’s major goal is to enable scientists to solve some of the most perplexing riddles about the Sun, including the internal structure of the Sun, the heating of its extensive outer atmosphere, and the origin of the solar wind. 


= =y _
SOHO spacecraft being prepared for termal tests
at Interspace in Toulouse, France



SOHO
Scientists and engineers from all around the world contributed to the construction of SOHO and its instruments.

SOHO
In this photo the top of the spacecraft and instruments can be seen mounted on the side-walls of SOHO. The two larger telescopes (on the left and top) are CDS and UVCS, respectively.
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SOHO, a solar scientific observatory, has 12 instruments on
board to observe the Sun 24 hours a day. It is a mission of
International cooperation between ESA and NASA.


SOHO
SOHO is perhaps one of the most sophisticated solar observatories ever built. With its range of instruments from imagers to particle counters, scientists are provided an unparalleled breadth and depth of information about the Sun. SOHO weighs about two tons, is about 4 meters high, and with its solar panels extended stands about 9.5m across.


Schematic of SOHO'’s orbital path in relation to
the Earth, moon, and Sun — SOHO is about
1.5M km sunward of the Earth


SOHO
SOHO’s uninterrupted view of the Sun is achieved by positioning it at a permanent vantage point (known as the Lagrangian Point) where the gravitational pulls of the Earth and the Sun are in balance. There it maintains a small, looping orbit where it sends its signals back through NASA’s Deep Space Network, which relays them to its Operations Center at Goddard Space Flight Center in Greenbelt, MD.


A composite image of the Sun that depicts the range of SOHO'’s
scientific research from the solar interior, to the surface and corona,
and out to the solar wind


SOHO
The interior image from MDI illustrates the rivers of plasma discovered flowing under the Sun’s surface. The surface image was taken with the Extreme ultraviolet Imaging Telescope (EIT) at 304Å. Both were superimposed on a Large Angle Spectroscopic Coronograph (LASCO) C2 image, which blocks the Sun so that it can view the corona in visible light. To the right you see a large blast of plasma bursting out from the Sun.
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The parts of the Sun


SOHO
This gives a basic overview of the Sun’s parts. The three major interior zones are the core (the innermost part of the Sun where energy is generated by nuclear reactions), the radiative zone (where energy travels outward by radiation through about 70% of the Sun), and the convection zone (in which convection currents circulate the Sun’s energy to the surface). The flare, sunspots and photosphere, chromosphere, and the prominence are all clipped from actual SOHO images of the Sun.


EIT composite image from three wavelengths
(171A, 195A and 284A) revealing solar features
ungiue to each wavelength


SOHO
Since the EIT images come to us from the spacecraft in black and white, they are color coded for easy identification. For this image, the nearly simultaneous images from May 1998 were each given a color code (red, yellow and blue) and merged into one.


14 September 1997

Erupting prominence as recorded by EIT
in the He 1l 304A line



SOHO
Prominences are huge clouds of relatively cool dense plasma suspended in the Sun's hot, thin corona. At times, they can erupt, escaping the Sun's atmosphere. Emission in this spectral line shows the upper chromosphere at a temperature of about 60,000 degrees K. Every feature in the image traces magnetic field structure. The hottest areas appear almost white, while the darker red areas indicate cooler temperatures. 




SOHO
The temperature of this material is about 1 million K in the lower corona. It is dominated by large active region systems, composed of numerous loops filled with emitting plasma. Every feature in the image traces magnetic field  structures.


70,000 MK

1.1 MK

Magnetic loops and prominences captured by the Extreme
ultraviolet Imaging Telescope (EIT) in three wavelengths


SOHO
The loops of energized particles clearly follow magnetic field lines. The highly energized plasma in these features is held in and guided by strong magnetic fields emanating from the Sun around an active region. When the fields finally become unstable and erupt, the plasma breaks away from the Sun’s surface.


EIT 171 full disk image

25 April 1998

Close-up of an active region in extreme ultraviolet light
from NASA’'s TRACE (Transition Region and Coronal
Explorer) spacecraft


SOHO
This 1998 false color image is in the 171Å wavelength band. The looping structure of the magnetic field lines are quite clearly defined here. The SOHO EIT 171Å (blue) full disk image from the same day shows the size perspective.
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A series of EIT 195A images over two days shows two active regions
connecting their magnetic field lines over a large area of the Sun

Images are Fe Xll at 195A showing the solar corona at a temperature of about 1.5 million K.


SOHO
These images show the solar corona at about a 1.6 million K. The length of this connection is unusual.

SOHO
These images show the solar corona at about a 1.6 million K. The individual loop systems  change considerably with time. At the same time the two active regions are connected by a larger magnetic structure which appears to expand outward.


27 July 1999

Size of Earth
for comparison

Large, eruptive prominence in He Il at 304A, with
an image of the Earth added for size comparison


SOHO
This prominence is particularly large and looping, extending over 35 Earths out from the Sun. Erupting prominences (when Earthward directed) can affect communications, navigation systems, even power grids, while also producing auroras visible in the night skies.
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MDI Full Disk Magnhetogram
9 May 1999


SOHO
Full disk magnetograms provide a way to study the emergence and decay of active regions. Darker and lighter areas indicate higher levels of magnetic activity with opposite magnetic polarity.


5 November 1998

i
Close-up magnetogram image of sunspots

An EIT 304A image, an MDI full disk white light image,
with a close-up, and a high-resolution magnetogram all
view the same magnetic structures that we call sunspots.



A bright solar flare captured on 2 May 1998 in the
195A line of Fe XII

(The horizontal white line on either side of the flare was caused by
charge bleeding on the CCD detector.)


SOHO
A solar flare (a sudden, rapid, and intense variation in brightness) occurs when magnetic energy that has built up in the solar atmosphere is suddenly released, launching material outward at millions of km per hour. The Sun’s magnetic fields tend to restrain each other and force the buildup of tremendous energy, like twisting rubber bands, so much that they eventually break. At some point, the magnetic lines of force merge and cancel in a process known as magnetic reconnection, causing plasma to forcefully escape from the Sun.


A rapidly expanding “solar quake” on the Sun'’s surface
as recorded by the Michelson Doppler Imager (MDI). It
was caused by a solar flare on 6 July 1996 and spread

out more than 100,000 km at the solar surface.


SOHO
It appeared much like ripples spreading from a rock dropped into a pool of water. Unlike water ripples that travel outward at a constant velocity, the solar waves accelerated from an initial speed of 35,000 km/h to a maximum of 400,000 km/h before disappearing.


05:07 UT - 05:24 UT

EIT observation of a Moreton wave expanding across much of the
Sun’s surface from a coronal mass ejection (CME) initiation site
on 12 May 1997. This “running difference” imaging technique
emphasizes the chages between successive frames.


SOHO
The wave front travels at speeds of about 300 km/s. These images were formed in the emission lines of Fe XII near 195 Å – this ion is formed at temperatures of about 1.5 million degrees.
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An image sequence showing the progress over eight hours of a clearly
defined coronal mass ejection on 5-6 August 1999 taken by LASCO C3.


SOHO
In this eight-hour sequence a CME blasts a billion tons of particles into space. The size and position of the Sun is indicated by the small white circle in the center of the occulting disk.
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A composite of four images of a large CME from
6 November 1997, which was associated with an
X-9.4 flare


SOHO
The images are from  EIT (the blue Sun in the center) and the three LASCO instruments.  This kind of CME cloud is composed of a billion tons of highly charged particles shooting out at several hundreds of kilometres per second. Protons accelerated to 10% the speed of light arrived at SOHO in about an hour, causing numerous bright points and streaks in the image.


1998/06/02 13:31

LASCO C2 coronograph image in which a twisting, helical-shaped
CME spins off from the Sun


SOHO
This particular CME and erupting prominence is somewhat unusual in that the width of the blast is relatively narrow and the strands of plasma are twisting. The dark disk blocks the Sun so that the LASCO instrument can observe the structures of the corona in visible light. The white circle represents the size and position of the Sun.
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A LASCO C2 “running difference” image showing a “halo”
CME blast beginning its journey towards Earth


SOHO
The image compares one image to the preceding one and highlights the areas of change between the two. This gives a clearer representation of the dynamics of this “halo event,” so called because the circular area of the edges of the blast seem to form a kind of halo around the Sun.


The rise of activity cycle 23 as reflected by the
number of sunspots recorded to date and as
projected (dotted line). Selected EIT 195A and MDI
magnetogram images are shown.


SOHO
In this cycle the Sun approaches a period of activity called the "solar maximum", followed by a period of quiet called the "solar minimum." The rising level can be clearly seen in the comparison of EIT and MDI images. The current cycle, Cycle 23, is the 23rd systematically recorded since routine sunspot observations began in the West in the 17th Century.
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The Sun’s magnetic field and plasma releases directly affect Earth and the rest
of the solar system. This schematic view illustrates a magnetic storm
approaching Earth and how the solar wind shapes the Earth’s magnetosphere.


SOHO
These storms, which occur frequently, can disrupt communications and navigational equipment, damage satellites, and even cause blackouts. The white lines represent the solar wind; the purple line is the bow shock line; the blue lines surrounding the Earth represent its protective magnetosphere. The magnetic cloud of plasma can extend to 30 million miles wide by the time it reaches Earth.


Normal magnetosphere

M agnetospher e being affected
byaCME

When the particles from a
CME impact the Earth’s
magnetosphere , the
sunward side flattens and
the tail elongates. Note that

most particles are drawn iIn
on the far side.



SOHO
The pressure from a CME, like that of an ocean wave or a breeze, temporarily reshapes the magnetosphere. In addition, scientists have recently concluded that most of the energized particles that enter the Earth’s magnetosphere are pulled in almost as if by an elastic band type of reaction snapping back towards Earth.  The energized particles are often seen as aurora in the night sky.
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The numerous effects of space weather


SOHO
With the average CME dumping about double the power generating capacity of the entire U.S. into the atmosphere, big changes can occur in our space that can wreak havoc on a world that depends on satellites, electrical power, and radio communication—all of which are affected by electric and magnetic forces. For the satellites dancing in and out of the radiation belts and the solar wind, CMEs and magnetic storms can be perilous.


Credit: Jan Curtis

An aurora, the most spectacular visual effect
of magnetic storms seen on Earth



SOHO
This 1998 photo of an aurora was taken in Alaska. Some of the excited particles in the radiation belts can plunge into the upper atmosphere, where they collide with oxygen and nitrogen, usually between 40 and 200 miles above ground. These elements become electrically excited and emit light. The result is a dazzling dance of green, blue, white, and red light in the night sky, also known as aurora borealis and aurora australis (“northern and southern lights”). Auroras can appear as wispy curtains of light ruffling in the night sky or as diffuse, flickering bands. (Courtesy: Jan Curtis)
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MDI Full Disk Dopplergram

with the dominant feature being the solar rotation
(dark colors = motion toward the observer)


SOHO
The MDI instrument is designed to observe the line-of-sight motion of the Sun's photosphere, and to produce a velocity image or "dopplergram." The dominant feature here is the solar rotation, which appears as a shift from dark to light across the Sun's disk.


An MDI dopplergram image of the Sun’s surface is merged
with a helioseismology image of the flows of plasma in the
solar interior. The smaller diagram shows the paths of
several different acoustic (pressure) waves inside of the
Sun whose measurements reveal its internal structure.


SOHO
The colors of the solar interior shows differences in the speed of rotation of  material in the Sun. This image is made from continuous observations over a  period of 12 months beginning in May 1996. The false colors represent speed; red material is rotating the fastest, and dark blue, the slowest. This behavior is called "differential rotation."


Active region
on the far side

| Active region
now visible

SWAN observation of active regions on the far side of the Sun.
Active regions illuminate the distant interstellar hydrogen cloud
like a searchlight strikes clouds at night.


SOHO
Scientists have found that they can peek around the Sun and predict whether solar storms on its far side will shortly appear on the side facing the Earth. This discovery could help predict the solar storms that sometimes threaten the Earth. Researchers have seen hot-spots as they light up a cloud of hydrogen atoms in space with strong beams of ultraviolet light. This moving glow in the sky (invisible from Earth) could give several days' warning of an active region on the Sun's surface that will come into view as the Sun rotates. 


[
the size
of the Sun

SWAN recording of the huge cloud of hydrogen, 70
times the size of the Sun, surrounding Comet Hale-
Bopp when it neared the Sun in 1997. Ultraviolet light
revealed a cloud 100 million kilometres wide and
diminishing in intensity outwards (contour lines).


SOHO
The cloud was generated by a comet nucleus perhaps only about 40 kilometres in diameter. The yellow circle (lower right) gives the size of the Sun. Solar rays broke up water vapor released from the comet by the Sun’s warmth. The resulting hydrogen atoms shone by ultraviolet light invisible from the Earth's surface.


Two “Sungrazing” comets heading in tandem
towards the Sun’s corona. They do not reappear
on the other side.


SOHO
The comets follow similar but not identical orbits and enter the tenuous outer atmosphere of the Sun. Shortly after the comets disappeared behind the occulting disks of the coronagraph, a bright helical-shape prominence erupts from the Sun as  part of a CME. The planet Mars can be seen in the upper right corner while the bright star Aldebaran can be seen in the lower right part. Comets, composed of ice and dust, characteristically have particles streaming out behind them. Comets can be found zooming around space quite frequently.
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A comparison of two EIT images almost two years apart illustrates how the
level of solar activity has increased significantly

Images are Fe IX/X at 171 A showing the solar corona at a temperature of about 1 million K.


SOHO
The Sun approaches its expected sunspot maximum in the year 2000. These images are captured using Fe IX-X 171 Å emission showing the solar corona at a temperature of about 1.3 million K. Many more sunspots, solar flares, and coronal mass ejections occur during the solar maximum. The numerous active regions and the number/size of magnetic loops in the recent image shows the increase.
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The changing shape and structure of the corona
with the solar cycle



SOHO
A comparison of selected LASCO C2 and C3 images illustrate how the Sun is changing as it approaches solar maximum.  Not only has the intensity level increased noticeably, but you can see more blasts in almost all directions as well as the structural changes.


Total Solar Irradiance

Increasing total solar irradiance as measured by VIRGO since SOHO’s launch.
The EIT full disk images show a corresponding increase in solar activity.


SOHO
As we approach the solar maximum, SOHO is observing an increase in the total irradiance. Long-term tracking of the solar output is important to understanding how the Sun varies with time and how it might influence the Earth's climate. The two gaps in the VIRGO data occurred during the temporary loss of SOHO.


Days (Epoch Jan 0, 1980)
2} 400H)

MCRIM
AR
ACRIM 1T

=
=
-l
o
ik
=
o
=
™
;"3
(75

1363 l | l | l | l l l | | l | I | I 1
197819721920 1981 1982 1923 1984 1985 1986 1987 1988 19EQ 1900 1991 1992 1993 1994 | 905 | 906 | 997 | 90F | 909
Year

Total irradiance variations during solar cycles 21-23 as recorded by
several satellites since 1978. The data shaded in green is from the
VIRGO instrument.



SOHO
The plot shows how the VIRGO data extends previous measurments of the solar irradiance, which reveals a clear 11-year cycle. The variations in the total irradiance is about 0.1%. The variations on shorter wavelengths (EUV and X-rays) are much larger, up to a factor 20.


The gradual increase in solar intensity as shown in the EIT and
LASCO C3 images illustrates the approach of solar maximum


SOHO
The EIT 195Å images (green) and the LASCO C3 images (blue) were selected about every nine months from 1996 to mid-1999. The EIT 304Å (14 September 1999) in the center shows signficant solar activity and an erupting prominence. Solar maximum is expected to occur around mid-2000.


